Background--Worsening renal function (WRF) is associated with adverse outcomes in patients with heart failure. We investigated the predictors and prognostic value of WRF during admission, in patients with preserved ejection fraction (HFpEF) versus those with reduced ejection fraction (HFrEF).
referred to as cardiorenal syndrome, 5 and neurohumoral maladaptation and decreased renal perfusion are 2 of the discussed mechanisms. 6 Among patients with HF, up to 50% of the patients have normal or near normal left ventricular ejection fraction (LVEF), known as HF with preserved ejection fraction (HFpEF). 7 They have a prognosis similar to those with HF with reduced ejection fraction (HFrEF). 8 Whether HFpEF and
HFrEF represent distinct forms of HF, or exist as part of an "HF spectrum," has yet to be established. 9 However, the different patterns of chamber remodeling and disparate responses to medical therapies suggest that they are 2 discrete disease processes. Furthermore, patients with HFrEF have higher B-type natriuretic peptide (BNP) levels than patients with HFpEF, which suggests that they have a higher degree of neurohumoral activity. 10, 11 This prompts consideration of whether the clinical significance of WRF may be dependent on HF type.
Until now, the predictors of WRF and prognostic value of WRF on outcomes have not been well established in either type of HF. Therefore, in this study, we sought to evaluate the influence of WRF in acute HF patients according to HF type.
Methods
Data, analytical methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure, because the data are protected by the Korean Ministry of Health and Welfare.
Study Design and Population
The KorAHF (Korean Acute Heart Failure) registry was a prospective, multicenter cohort study that was designed to describe patient characteristics, current treatments, and short-and long-term patient outcomes among Korean patients with acute HF. A total of 5625 patients were enrolled from the KorAHF registry from March 2011 to February 2014 at 10 tertiary centers. Detailed information on the study design and results has been previously reported elsewhere. 4, 12 Briefly, patients with signs or symptoms of HF and either lung congestion, objective findings of left Values are expressed in n (%). HFpEF indicates heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction.
Clinical Perspective
What Is New?
• From a prospective, multicenter cohort, the KorAHF (Korean Acute Heart Failure) registry, worsening renal function (WRF) occurred in 55.1%, and patients with reduced ejection fraction had a higher rate of WRF than did the patients with preserved ejection fraction (HFpEF).
• WRF was an independent predictor of adverse in-hospital outcomes (defined as all-cause mortality or aggravation of heart failure during hospitalization) in both patients with reduced ejection fraction and HFpEF, whereas the effect size of WRF was 3-fold larger in HFpEF.
• WRF was associated with 3-month and 1-year mortality in both patients with reduced ejection fraction and HFpEF.
Regarding the degree of WRF (transient WRF and persistent WRF), transient WRF was an independent risk factor for long-term mortality, whereas persistent WRF had no additive risk compared with transient WRF.
What Are the Clinical Implications?
• Our results reflect the rate of WRF in real-world heart failure patients; more than one half of acute heart failure patients experienced WRF, which was associated with adverse in-hospital outcomes and adverse 1-year mortality.
• We compared the effect size of WRF for adverse outcomes in acute heart failure patients with patients with reduced ejection fraction versus HFpEF, showing that WRF had a larger effect size on adverse outcomes in HFpEF patients.
• Patients with transient WRF had a higher risk for 1-year mortality compared with those without WRF, whereas persistent WRF was not a risk factor compared with transient WRF.
ventricular systolic dysfunction, or structural heart disease were eligible for the study. Detailed variables were collected at admission, and events including all-cause mortality, mortality from HF aggravation, and rehospitalization for HF aggravation were recorded after discharge. Follow-up data were collected from patients by the attending physician at 30 days and 3, 6, 12, 24, 36, 48, and 60 months after discharge. The study is currently continuing follow-up. The study protocol was approved by the ethics committee at each participating center and was conducted according to the principles of the Declaration of Helsinki. All patients provided written informed consent for participation in the registry.
Study End Points and Definitions
Clinical outcomes included adverse in-hospital outcomes (defined as all-cause mortality or aggravation of HF during hospitalization) and all-cause mortality during follow-up. Allcause mortality was analyzed by short-term (3-month) and long-term (1-year) events. Despite the absence of expert consensus in terms of the definition of WRF, WRF was defined as an absolute increase in creatinine of 0.3 mg/dL or more, as per previous studies. 13 In the present study, WRF was limited to those occurring during admission. Transient WRF was defined as a recovery of creatinine level at discharge, by more than 0.3 mg/dL compared with the peak level during admission. Persistent WRF was defined as a nonrecovered creatinine level. Stages of glomerular filtration rate (GFR) were defined according to the Kidney Disease Outcomes Quality GFR <30 mL/min per 1.73 m 2 were defined as "mildly," "moderately," and as "severely decreased GFR," respectively. HFpEF and HFrEF were defined as LVEF ≥50% and LVEF≤40%, respectively. 7 Patients with a 40% <LVEF <50% were excluded from the study.
Statistical Analyses
All variables and outcome analyses were based on WRF. To estimate the predictors of WRF, and to predict the independent effect of WRF on adverse in-hospital outcomes, we used the multivariable logistic regression model using a step-wise algorithm. Variables found to be statistically significant in the univariate analysis were included in the multivariable model, excluding variables that were closely related to other clinical variables. As a result, variables such as sex, old age, body mass index, hypertension, diabetes mellitus, CRF, previous myocardial infarction, New York Heart Association grade, LVEF (HFrEF or HFpEF), laboratory results at admission (ie, white blood cell count, hemoglobin, sodium, BNP (or N-terminal pro-brain-type natriuretic peptide, C-reactive protein levels), and intravenous medications during admission (ie, diuretics, inotropes, and vasodilators) were included in the model. Assumptions of the logistic regression model (eg, dichotomous dependent variable, independence in each observation, linear relationship between continuous independent variables and the logit transformation of the 
Results
A total of 5625 patients were enrolled in the KorAHF registry. Mean age was 68.5AE14.5 years, with a mean LVEF of 37.7AE15.6%, and the most common etiology of HF was ischemic heart disease (2113 patients [37.6%]; Table 1 ). By definition, 3105 patients (55.2%) had HFrEF, 1295 (23.0%) had HFpEF, and the remaining patients had HF with mid-range ejection fraction (40% <LVEF <50%). Characteristics of patients with HFpEF and HFrEF at admission (Table 2) showed that the 2 groups had distinct characteristics. Figure 1) . Characteristics of the "no WRF," "transient WRF," and "persistent WRF" groups at admission are shown in Table 3 . Patients with persistent WRF were more "sick" with a greater number of risk factors, compared with those in the "no WRF" and "transient WRF" groups. Prevalence of WRF increased as GFR decreased, and among the types of WRF, persistent WRF was shown to increase gradually along with grade of GFR decrease (Figure 2A ). This trend was also present in both HFrEF and HFpEF subgroups ( Figure 2B and 2C).
WRF and Risk Factors
Among various risk factors identified for WRF, CRF and usage of inotropes were the strongest predictors of WRF HFpEF indicates heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; WRF, worsening renal function.
( Table 4) . When the population was divided into patients with HFrEF and those with HFpEF, the 2 populations showed different risk-factor profiles; CRF, hyponatremia, anemia, high BNP or N-terminal pro-brain-type natriuretic peptide, high C-reactive protein, high uric acid levels, and usage of diuretics and inotropes were common risk factors, whereas low body mass index, hypertension, diabetes mellitus, and vasodilator usage during admission were predictors of WRF in patients with HFrEF only.
Adverse In-Hospital Outcomes
Among the entire study population, the mean hospitalization duration was 14.0AE17.6 days; overall, it was longer in patients with HFrEF than in those with HFpEF (14.8AE17.7 versus 12.9AE16.9 days; P=0.001). Table 6 ).
Short-and Long-Term Follow-up Mortality by WRF
During the 1-year follow-up duration, 970 patients (17.2%) died. Regarding short-term (3-month) and long-term (1-year) mortality, mortality increased with severity of WRF in the total population, and in the HFrEF and HFpEF subgroups ( Figure 3 ; Table 7 ). Using a Cox proportional hazard model, WRF was independently associated with short-term mortality (hazard ratio [HR], 1.66; 95% CI, 1.22-2.25; P=0.001) and long-term mortality (HR, 1.39; 95% CI, 1.14-1.69; P=0.001). When stratified according to HF type, WRF remained a significant risk factor in both the HFrEF and HFpEF subgroups (Table 8) .
Regarding the association with 3-and 12-month mortality, WRF has a larger effect size in HFpEF compared with HFrEF (3-month mortality: HR 1.59 for HFrEF and HR 1.86 for HFpEF; 12-month mortality: HR 1.35 for HFrEF and HR 1.54 for HFpEF; Table 8 ).
We also analyzed whether transient WRF and persistent WRF had different effects on long-term mortality. Transient WRF, when compared with the "no WRF" group, was a significantly associated with long-term mortality after adjusting for other risk factors (Table 9 ). However, persistent WRF was not associated with mortality, when compared with transient WRF.
Discussion
In the current study, we determined the predictors of WRF during admission and examined the prognostic value of WRF for in-hospital and short-and long-term outcomes according to the HF type (ie, HFrEF versus HFpEF) and severity of WRF (ie, transient versus persistent WRF). As expected, patients with more-severe WRF had more cardiac risk factors at admission. Among the various predictors of WRF, CRF and usage of inotropes were the predictors with the largest odds ratio. Interestingly, although WRF was a significant risk factor in both HFpEF and HFrEF, the effect size on in-hospital outcomes was 3-fold larger in HFpEF. Finally, WRF was associated with short-and long-term mortality in both HFrEF and HFpEF, and the mortality rate increased alongside the degree of WRF, from no WRF, to transient WRF, and then to persistent WRF. After adjustment, transient WRF was an independent risk factor for long-term mortality, whereas persistent WRF had no additive risk compared to transient WRF.
Predictors of WRF in HFrEF and HFpEF
There exists a close neurohumoral interaction between the heart and kidney. 5, 6 Moreover, HFrEF and HFpEF have distinct anatomical contributors to the differences in hemodynamic and neurohumoral effects; specifically, patients with HFrEF have higher BNP levels than do HFpEF patients in this study and others. 11 In this study, prevalence of WRF was higher in patients with HFrEF than in those with HFpEF, and HFrEF was associated with a 1.19-fold increased risk for WRF. A significant correlation between WRF and BNP levels was also found (data not shown).
Regarding the predictors of WRF, most predictors of WRF were similar in HFrEF and HFpEF; among them, CRF and inotropic usage were shown to have the greatest impact. Patients with preexisting renal dysfunction are more vulnerable to diverse insults, which is demonstrated by the increased prevalence of WRF and persistent WRF in patients with more-decreased initial GFR. Furthermore, use of inotropic agents indicates a hemodynamic instability that may cause renal hypoperfusion.
WRF as a Risk Factor in HF
Defined as reduction in glomerular filtration, WRF has been associated with adverse outcomes in patients with HF in previous studies. Pimentel et al reported that patients with WRF had a significantly increased risk of all-cause death and hospital admission in chronic HF patients. 14 Damman et al showed that WRF was associated with lower survival and more morbidity in acute HF patients, from the COACH (Coordinating Study Evaluating Outcome of Advising and Counseling in Heart Failure) study. 15 Additionally, a metaanalysis by Damman et al including 45 000 patients from 28 studies showed that WRF was associated with mortality whereas CRF, hypertension, diabetes mellitus, age, and Figure 3 . Survival curve of the total population by the severity of WRF. Short-term (3-month) and long-term (1-year) mortality increased with severity of WRF in (A) the total study population, (B) the HFrEF group, and (C) the HFpEF group. HFpEF indicates heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; WRF, worsening renal function. Values are expressed in n (%). HFpEF indicates heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; WRF, worsening renal function.
diuretic use were significant predictors for occurrence of WRF. 4 Although these studies show similar results, the precise mechanism by which WRF exerts adverse prognostic effects remains unclear. Testani et al explained that several hypothetical mechanisms, including inflammation, oxidative stress, or induction of apoptosis by uremic toxins, may partially contribute to the adverse effect of WRF. 16 However, this study also claimed that it is still uncertain whether WRF is a mediator or marker for adverse outcomes. In this study, magnitude of effect size for WRF decreased from 3.18, to 1.66, to 1.39 for adverse in-hospital outcomes, and 3-and 12-month mortality, respectively. Because we defined WRF as an in-hospital event, this decrease seems understandable. Although the exact mechanisms are still not well defined, there are a couple of proposed explanations for the role of WRF as a predictor of adverse outcomes. Renal dysfunction may reflect impaired hemodynamic status that is related to severity of the underlying HF, reflected by the high HR for in-hospital outcomes. 17 Furthermore, renal dysfunction might be a marker of general vascular disease, such as severity of atherosclerosis in both the kidney and heart, which explains the long-term outcomes with a smaller impact size. 18 
Impact of WRF on Outcomes in HFrEF Versus HFpEF
Whereas WRF was an independent risk factor for all analyzed outcomes, the effect size was larger in HFpEF; particularly for in-hospital outcomes, effect size was 3-fold larger in HFpEF.
No current studies have compared the effect size of WRF in HF subtypes, whereas a previous study showed that WRF was a predictor of adverse events in HFpEF. 19 Regarding the distinct pathophysiology of HFpEF and HFrEF, it is known that unfavorable volume distribution is a more-frequent cause of acute decompensation in HFpEF, rather than absolute volume overload. 20 Therefore, WRF in HFpEF may reflect a relative hypovolemic status with impaired fluid refilling from the extravascular space to the plasma, The other independent predictors of mortality in the HFrEF subgroup were closely identical to those of the total HF population, whereas the HFpEF subgroup showed a smaller number of predictors. HFrEF seemed to be more multifactorial compared with HFpEF, and WRF seemed to play a larger role in HFpEF.
Two Types of WRF: Transient Versus Persistent WRF
From our study, severity of WRF increased as renal function at admission worsened, with more patients with persistent WRF among those with lower GFR. Transient WRF occurs in those with derangements in hemodynamics and neurohormones during acute HF, which may include interaction with diuretics or other theoretically reversible factors. On the other hand, persistent WRF may occur from insults related to coexisting comorbidities and aspects of the HF disease process itself that are irreversible. 21 The question of the effect of transient WRF remains controversial. Krishnamoorthy CI indicates confidence interval; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; WRF, worsening renal function.
Further studies using universal definitions are mandatory to investigate the effect of transient WRF on outcomes in patients with acute HF.
Study Limitations
There are several limitations in this study. First, although we applied the widely used definition of WRF, this definition has intrinsic limits. Increase in creatinine cannot directly reflect GFR, and it also depends strongly on the renal function at admission. Additionally, regarding that we defined transient and persistent WRF by the creatinine level during admission, some patients might have been misclassified, according to the baseline creatinine level of an individual. Furthermore, according to the time point of the initial laboratory test, the initial creatinine level might not have been the actual baseline level, and therefore some patients with WRF may have been missed. Second, given that this study was based on a registry cohort, it is subject to various biases. Although our study results prove the strong association between WRF and poor clinical outcomes, the observational nature of our study also limits the interpretation of the causal relationship between WRF and clinical outcomes.
Conclusions
WRF was present in 55% of patients in the KorAHF registry. Incidence of WRF increased as renal function at admission decreased and was higher in patients with HFrEF than in those with HFpEF. Predictors of WRF were similar in both HF types. WRF was a prognostic factor of adverse in-hospital and long-term outcomes, with a larger effect size in HFpEF compared with HFrEF. Regardless of the degree of WRF, transient and persistent WRF seem to be equivalent risk factors. 
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